Introduction
Seed is a key element in plant production and has a deep influence in the success or failure of artificial or natural regeneration (Yang & Wen, 2017) . Approximately 70% of man-described plant species are seed-propagated (Marcos Filho, 2005) . When scale multiplying is required for a given species, knowledge on seed physiology is critical. Among several characteristics, seed weight should be observed for propagation purposes (Baskin & Baskin, 2014; Li & Li, 2016) .
Seed deterioration is the main problem in the production systems and physical as well as physiological conditions factors play a major role in its vigour (FinchSavage & Bassel, 2016) . Seed mass is a feature of great importance, linked to the recruitment via germination and establishment of seedlings (Genna & Pérez, 2016) . It is controlled predominantly by genetic information from maternal and zygotic tissues, though seed growth is also influenced by environmental cues (Li & Li, 2016) .
Seed size is an important indicator of physical quality, directly related to germination, emergence and vegetative growth of plants of seminal origin (Ambika et al., 2014; Ghaffaripour et al., 2017; Yang & Wen, 2017) . In general, seeds displaying larger size or density are potentially more vigorous because they usually have more reserves and they present well-formed embryos (Carvalho & Nakagawa, 2012; Suárez-Vidal et al., 2017) , resulting in faster germination and proper seedling establishment. There are evidences that seed size selection of forest species can favor seedling production under nursery conditions, resulting in greater seedlings uniformity (Alves et al., 2005) .
Variation in seed size produces seedlings with distinct growth potential. Extensive natural variation within species is observed for this trait (Gnan et al., 2014) . Studies conducted with Gmelina arborea (Owoh et al., 2011) , Tecoma stans (Socolowski et al., 2011b) , Pterocarpus marsupium (Mishra et al., 2014) , Sapindus mukorossi (Attri et al., 2015) and Tamarindus indica (Ghaffaripour et al., 2017) showed a direct relationship between seed weight or size and seedling vigor. However this should not be considered as a rule, as germination and seedlings growth of Tectona grandis (Khera et al., 2004) and Schizolobium parahyba (Freire et al., 2015) were not affected by seed size.
The study of the germinate behavior of forest species has been of great importance in the scientific environment, aiming to obtain information that expresses the physiological quality of seeds for conservation and propagation (Mondo et al., 2008) .
Angico-vermelho (Parapiptadenia rigida (Benth.) Brenan) is a widely distributed tree species in the Atlantic Forest in Brazil, Paraguai, Uruguai and Argentina, and it is often indicated for riparian forest reforestation programs (Silva et al., 2010) . Furthermore, this species is recommended in mixed reforestation, degraded and permanent preservation areas. It grows on both wet and dry soils, being more abundant in well-drained soils, occurring naturally in open and less dense forests as well as in secondary associations (Lorenzi, 1992; Carvalho, 2002) . Traditionally, this species has been seedpropagated, requiring seed-technology-related studies to enable the establishment of sustainable plantings through seedlings with high morphophysiological quality.
There are no reports in the literature of the effect of P. rigida seed weight on germination and vigor or on the behavior of seeds under stress-simulated conditions through accelerated aging. Understanding species germination in response to seed weight can help in the definition of strategies of seedling production in nursery and of restoration programs. Therefore, this study aimed to assess the relationship between seed weight and physiological quality of P. rigida seeds in accelerated aging conditions.
Material and methods
Parapiptadenia rigida fruits were collected from four matrices in June 2014, in Santa Maria, Rio Grande do Sul State, Brazil (29°41'º22"S, 53°49'56"W). The seeds were extracted and dried, composing one lot that was stored in a cool chamber (relative humidity of 45% to 60%; temperature of 8 °C). Physical analysis and germination test were carried out, showing 94% germination, 99% purity, 14.9% moisture content and 19.23 g of thousand seeds weight (TSW).
The seed lot was manually split into three size categories and were characterized in analytical balance by mass (Brasil, 2009) : original lot (TSW1 = 19.23 g), seeds with higher weight (TSW2 = 25.45 g), seeds with low weight (TSW3 = 13.58 g), which were subjected to three accelerated aging times.
The experiment was carried out in a completely randomized design in a factorial arrangement (3 x 3), consisting of the combination of three seed weight classes (TSW1, TSW2 and TSW3) and three accelerated aging times (0, 24 and 48 h), totaling nine treatments. Weight is a key factor in the physiological quality of Parapiptadenia rigida seeds The three seed classes (TSW1, TSW2 and TSW3) were subjected to accelerated aging in a moisture chamber at 41 °C for 24 and 48 h, following methodology adapted from McDonald Junior & Phaneendranath (1978) . Two hundred seeds from each treatment were stored in plastic boxes (11.0 cm x 11.0 cm x 3.5 cm) in a moisture chamber. Seeds were distributed on an aluminum screen fixed in each box and 40 mL of distilled water was added; then, the boxes were placed in a B.O.D. chamber (411D, Nova Ética).
Laboratory assessments
Assessment was carried out in a Mangelsdorf germination chamber (Biomatic ® ), kept in room with temperature control. We evaluated four replications of 50 seeds for each treatment at 25 ºC, using the paper towel roll (PR) moistened with distilled water in a 2:1 ratio relative to their weight as a substrate. Counting was performed at 7 and 14 days (Brasil, 2013) . Seeds were considered germinated when the radicle was at least 2 mm in length. Results were expressed as total percentage of seedling emergence.
The number of germinated seeds was monitored daily for 7 days after incubation. Germination velocity index (GVI) was calculated as shown by Maguire (1962) .
First germination score was carried out during the first assessment of cumulative germination. In such test, normal-germinated-seedlings were scored and removed, assuming that they were more vigorous by germinating faster (Brasil, 2013) . After first count, at seven days, 25 seedlings were randomly taken and measurement of total length (in cm) for each replication was carried out using millimeter paper (adapted from Krzyzanowski et al., 1999) .
Determinations of fresh and dry weight were carried out for all 25 seedlings of each replication that were used for shoot and radicle measurements, besides evaluation of normal strong and normal weak seedlings. They were weighed immediately in a scale with an accuracy of 0.001 g. For dry mass determination, the material was placed in kraft paper bags and taken to a drying oven with mechanical air circulation at 65 ºC until constant weight.
Seedlings vigor classification was adapted from Krzyzanowski et al. (1999) , and it was conducted concurrently with the germination test and the seedlings length measurements. Seedlings considered normal (Brasil, 2009) were assessed and classified visually regarding their vigor. Minimum standards of seedlings total length were established so those were considered normal strong seedlings. Normal strong seedlings were those that showed at least seven-centimeter-growth. Seedlings that did not reach such values were recorded as normal weak seedlings.
For electrical conductivity (EC) determination, 50 seeds per replication were used for each treatment, with four replications. Seeds of each replication were weighed before being subjected to accelerated aging in a moisture chamber in glass vials filled with 75 mL of deionized water for imbibition for 24 h at 25 ± 2 °C (Vieira & Krzyzanowski, 1999; Piña-Rodrigues et al., 2004) . Afterwards, EC was determined in a conductivity meter (Tec-4MP, Tecnal).
Seedling emergence in greenhouse
The greenhouse experiment was performed with the same treatments as described before and conducted in gerbox containing vermiculite substrate (medium granulometry) with four replications of 50 seeds for each treatment. Substrate moisture was kept with daily moderated irrigations with deionized water. Periodic rotations of the experimental units were performed. Daily number of seedlings that emerged were recorded up to a constant number was obtained. Seven days after sowing, when there was no new seedling emergence, the test was ended (Brasil, 2009) .
The number of emerged seedlings was calculated based on daily record up to 10 days after sowing. After ending the readings, emergence velocity index (EVI) was calculated by equation 1 (Maguire, 1962) . Seedlings were considered emerged when presenting cotyledons completely above of the substrate level.
In which: EVI = emergence velocity index; E1, E2,... En = number of normal seedlings computed at the first, second and last count; N1, N2,... Nn = number of days from sowing to first, second and last count.
Emergence velocity was calculated as shown by Edmond & Drapala (1958) , based on the same data from daily records of number of emerged seedlings used to obtain EVI (Equation 2). It was carried out during the first cumulative emergence assessment. In this test, seedlings that were considered normal were counted and withdrawn, also assuming that they were more vigorous by emerging faster (Brasil, 2009) .
Cumulative emergence was performed at 7 and 14 days after sowing (Brasil, 2013) . Results were expressed as percentage of emerged seedlings.
Data analysis
The variables were subjected to Shapiro Wilk's normality test, analysis of variance and Tukey's test (p < 0.05) for mean comparisons, using Sisvar 5.6 software (Ferreira, 2011) .
Results
There was a significant difference (p < 0.05) of Parapiptadenia rigida seeds germination at the first count (seven days) in response to the thousand seed weight (TSW) classes (Table 1) . Seeds with higher weight (TSW2) presented higher percentage of germination (74.0%) at the first count, differing from the control treatment, that also differed from seeds with lower TSW (47.8%).
In general, mean values of strong normal seedlings, fresh weight, dry weight and shoot length were higher in P. rigida seeds with higher weight. Seeds with lower TSW presented the highest average of weak seedlings (Table 1) . Therefore, P. rigida seeds with high weight germinated in faster when compared to seedlots with lower TSW. (TSW2) ; Class 3= 13.58 g (TSW3). **Means followed by the same letter in column are not significantly different based on Tukey's test at 5% of error probability. CV = coefficient of variation.
TSW influenced the cumulative germination of P. rigida seeds after subjected to varying times of accelerated aging (Table 2) . Percentages of germination and cumulative dead seeds (14 days) differed in response to the TSW and accelerated aging times interaction. However, only for seeds with TSW1 (original lot), it was observed a significant difference among the means of germination in response to aging time. Seeds with higher TSW presented high percentages of cumulative germination at different aging times (80.5 and 76.5%) relative to the other TSW classes. Small seeds (class 3) presented the lowest percentages of germination under 48 h of accelerated aging. TSW3) . Means followed by the same uppercase letter in rows and lowercase letter in columns are not significantly different based on the Tukey's test at 5% of error probability. CV = coefficient of variation.
Values of electrical conductivity varied significantly (p < 0.05) among TSW classes of P. rigida and accelerated aging times (Table 3) , with interaction between the factors. Seeds with higher weight (TSW2) presented lower electrolyte leakage with or without accelerated aging (24 or 48 h) in relation to other seed sizes. On the other hand, P. rigida seeds with lower weight (TSW3) showed an increase in electrolyte leakage in response to the accelerated aging time. At 0 and 24 h of aging, a significant difference in electrolyte leakage was observed between seeds with higher weight (TSW2) and the others classes (TSW1 and TSW3), but the increase of aging for 48 h resulted in a significant difference among means of conductivity of the three weight classes.
There was no significant interaction (p > 0.05) between seed weight and accelerated aging for cumulative emergence and emergence velocity index (EVI) ( (TSW2) ; Class 3= 13.58 g (TSW3). Means followed by the same uppercase letter in rows and lowercase letter in columns are not significantly different based on the Tukey's test at 5% of error probability. CV = coefficient of variation. (TSW2) ; Class 3 = 13.58 g (TSW3). Means followed by the same letter are not significantly different based on the Tukey's test at 5% of error probability. CV = coefficient of variation.
P. rigida seeds with higher weight (TSW2) germinated faster (Table 5) . Regarding the accelerated aging times, only small seeds presented statistical differences and aging for 24 h resulted in a higher number of days for emergence. (TSW2) ; Class 3= 13.58 g (TSW3). Means followed by the same uppercase letter in rows and lowercase letter in columns are not significantly different based on the Tukey's test at 5% of error probability. CV = coefficient of variation.
Discussion
The findings of the present study evidence the ability of Parapiptadenia rigida seeds with higher weight to germinate faster. It indicates that the amount of reserves (higher weight) of seeds is directly related to their physiological quality. In general, high weight seeds exhibit higher germination capacity when compared to low weight seeds when exposed to low stress conditions (Genna & Pérez, 2016) . For some forest species, it has been shown that germination and vigor of seedlings are related to seed weight (or size) (Du & Huang, 2008; Owoh et al., 2011; Socolowski et al., 2011a; Landergott et al., 2012; Kuniyal et al., 2013) , but other species show no influence (Khera et al., 2004; Freire et al., 2015) .
The main feature of seed aging is the decrease in germination velocity of viable seeds, followed by reduction in seedling length and increase in abnormal seedlings (Marcos Filho et al., 2015) . In the present study, we observed that seedlings produced from seeds with higher thousand seed weight (TSW2) showed high mean of shoot length and fresh weight, evidencing that P. rigida seedlings produced from seeds with higher TSW are more vigorous.
Seeds with higher TSW under accelerated aging conditions presented higher percentages of germination and lower mortality rate. According to Marcos Filho et al. (2015) , decrease in germination has of seeds been associated with initial signs of cellular membrane disorganization. This suggests that seeds with higher weight (TSW) have greater tolerance to adverse conditions that result in accelerate deterioration process.
Seed deterioration is a complex biochemical and physiological process that leads to loss of germination capacity and electrolyte leakage is one associatedfeature that indicates the cellular damage extension (Kaewnaree et al., 2011) . Furthermore, a reduction in germination, emergence in the field and vigor of the seedlings are linked to a high electrolyte leakage of the seeds (Mahjabin & Abidi, 2015) . It is evidenced that seeds with lower weight are more sensitive to stress conditions promoted by accelerated aging. Therefore, it is assumed that P. rigida seeds with higher TSW keep the vigor under accelerated aging conditions up to 48 h since they present characteristics that provide higher tolerance, what makes possible to choose of seeds for greater success in germination under stress conditions.
The effect of seed weight in survival and seedling performance may be more pronounced under conditions of abiotic stress or limited resources availability (Suárez-Vidal et al., 2017) . In our study, we verified a similar trend, in which P. rigida seeds with greater weight (TSW) showed a higher tolerance to accelerated aging conditions, since they kept a stable electrical conductivity. On the other hand, small seeds showed increased electrical conductivity with increasing accelerated aging time. Seeds with intermediate TSW also presented variation in electrical conductivity as a response to the accelerated aging time (Table 3) .
The physiological quality of the seeds may influence directly emergence rate and total emergence (Pádua et al., 2010) . Generally, a large seed has greater reserve, which can be used by seedling in the early stages of growth (Baskin & Baskin, 2014) . However, germination and seedling growth of species such as T. grandis (Khera et al., 2004) and S. parahyba (Freire et al., 2015) were not affected by seed size. In the present study, it was evident that higher means of cumulative emergence and emergence velocity index were associated with the physiological quality afforded by seed weight. Seeds with higher TSW tend to present more physiological resources for faster emergence, which may allow the establishment of seedling stands in nursery conditions with greater uniformity, besides reducing the time of exposure of seeds to biotic and abiotic factors.
Seeds with high weight present higher energy reserves (Baskin & Baskin, 2014) , which can be consumed during accelerated aging through respiration process. Therefore, P. rigida seeds with more reserves (high TSW) showed better germination performance after the accelerated aging process in laboratory and greenhouse conditions, making them more tolerant than seeds with lower weight. Seed size (weight) is an important survival predictor; phenotype and recruitment of seedlings in general have a straight relationship with seed size, being accepted that larger seeds produce seedlings with better performance (Suárez-Vidal et al., 2017) .
Tree species seedlings originated from small seeds may present reduced growth and low dry weight, which represents a competitive disadvantage because it diminishes the success in establishment under natural conditions (Khera et al., 2004) . Additionally, seed classification based on size/weight is a very useful practice to minimize variation in seedling growth under nursery conditions (Alves et al., 2005; Mishra et al., 2014) . We verified that P. rigida seeds with higher TSW presented greater vigor relative to the seeds of the original lot (mixed seeds with several weights) and those with lower TSW (TSW1). Thus, we suggest that seed lots of P. rigida should be made up of seeds that are classified by TSW.
Conclusions
Germination and vigor of Parapiptadenia rigida seeds are influenced by the seed weight.
Seeds of P. rigida with high weight display a greater tolerance to accelerated aging conditions and grow more vigorous seedlings.
The classification of P. rigida seeds based on higher size or weight is a recommended technique for sowing in nursery.
